SUMMARY A five year follow-up study was conducted with two groups of head-injured children, 131 younger than 9 years old at time of injury and 100 older than 9 years. The four aspects studied were neuropsychological function, neurological status, EEG status, and school progress. There was an extended recovery process over time, as well as evidence of a differential rate of recovery for the four aspects measured.
Our understanding of the natural history of head injuries in children can best be increased by prospective, long-term, multidimensional studies. The paucity of such clinical studies has been commented on (Black et al., 1971; Lishman, 1973;  Klonoff and Paris, 1974) . A study which would add to our knowledge of the head-injured child should be broad in scope. Firstly, it should include: antecedentfactorsconstitutional predisposition, premorbid personality, age, sex, environmental hazards; circumstances at time of head injury-the nature and extent of injury, resilience of the neural apparatus in childhood, the nature of intervention and management during the acute and postacute phases; and consequence factors-the effect of brain damage on general adaptation and maturation, on the development of post-traumatic epilepsy, effect on education, transaction with family, and the role of compensation and litigation. Secondly, it should encompass a variety of clinical examinations including neurological, electroencephalographic, and psychological. Thirdly, the study should address itself to the interaction of effects, namely, the differentiation of immediate from short-term or long-term effects, and the nature and course of reconstitution.
This study accordingly set out to investigate prospectively a head-injured group of children from the time of trauma (hospitalisation) to the fifth year after trauma, within the context of the model noted above. Previous publications have reported our methods, and the immediate and short-term effects Reitan-Indiana Neuropsychological Benton (1959) , Knights (1966) , Klonoff et al. (1969) , Klonoff and Low (1974) , and Reitan (1974) . For the neuropsychological test battery, each subject was matched on age (within three months) and sex with a normal control. These control subjects referred by six paediatricians in the Vancouver area were classed as normal by four criteria: no neurological deficit; no physical anomalies; no profound signs of emotional disturbance; and normal school progress for those children attending school. The two head-injured groups and their matched controls were compared using an analysis of variance and orthogonal contrasts for each variable at each yearly examination.
Neurological examination During initial hospital admission, a neurological assessment of degree of head injury was assigned to each child based on the following schema: minor (1)-suspected but not proven loss of consciousness, no evidence of concussion; mild (2)-suspected but not proven loss of consciousness, concussion (lethargy, vomiting, drowsiness, contusion, nausea, dizziness); moderate (3)-loss of consciousness for less than 5 min, concussion; severe (4)-loss of consciousness for 5-30 min, concussion or skull fracture; and serious (5)-loss of consciousness for more than 30 min, concussion or skull fracture (depressed or compound or both), other sequelae (psychosis, aphasia, etc.). For the subsequent assessments, each child was examined for: complaints resulting from the head injury (for example, headaches); sequelae (that is, neurological, personality, subjective, or learning); and school progress. Again these data were analysed with respect to the two cohort groups (younger and older) and these groups were compared with the original samples. (ear) and bipolar montages were used, awake and asleep. All tracings were interpreted by the same electroencephalographer (MDL). Besides describing the qualitative features of the records, he assigned each a global rating of normal (1), borderline (1.5), minimally abnormal (2), moderately abnormal (3), or markedly abnormal (4). The criteria for this are fully described by Klonoff and Low (1974) . These data were analysed using children who were seen on six occasions and then the followed and original groups were compared. In the six remaining columns (that is, 'contrasts') the results for the yearly group contrasts are recorded.
EEG
These contrasts indicated whether the head-injured were different at specific examinations compared with the normal groups. For the younger group, the total numbers of significant differences were as follows:
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To supplement the group data, a further analysis was done to determine if there existed a subgroup within the head injury groups which was different both from the normal controls and from the majority of the head-injured children. For both the younger and older groups, the within-group variances for each variable (IQ excluded) were compared in order to determine if there were any differences in the specific variable distributions between the normal children and head-injured groups on the last re-examination. (Table 6 ), the two cohort groups were obviously not different either from each other or from the original sample one year after head injury. Both groups had fewer complaints on the fifth follow-up than on the first. However, only for the older group did the number of children with complaints decrease significantly (x2=4.1 8, P < 0.05). The specific complaint which best illustrates this differential pattern was headaches. Between the first and the fifth follow-up the incidence of headaches decreased slightly for the younger group (240% to 19.2%) and substantially for the older group (280% to 10 %, X2=2.97, P < 0.10). A similar trend was found for complaints in the personality area. Variables which showed similar decline for both groups were learning, mood, fatigue, and voluntary muscles.
For the sequelae data which comprised symptoms present at examination (Table 7) , the cohort groups and original groups' comparisons on the first followup examination indicated that the older groups were equivalent (460% to 44 %) while the younger cohort exhibited more sequelae than the original younger group (45 % to 36 %). However, the assessed sequelae for the younger and older cohort groups were equivalent on the first follow-up examination (45 % to 46 % and 0.76 to 0.77 sequelae per subject, respectively). When the two groups were compared on these two measures five years after initial hospital admission, 38 % of the younger group still had sequelae (mean number per subject=0.62) while 31 % of the older School progress (Table 8) defined as normal advancement, grade failure, or placement in special class, also reflects premorbid factors such as inherent learning ability, environmental opportunities, and previous level of school achievement. For the older group, nine of the 13 children who failed or withdrew from school after successive failures had no premorbid history of school failure. Most of the younger children had not yet attended school at the time of head injury, but 25.7% subsequent to head injury either failed an elementary grade or were placed in a remedial/slow learner class. Table 9 summarises the distribution of EEG ratings for the younger (39) and older (77) head-injured cohort groups for all EEG recordings. The figures in parentheses represent the ratings in percentages assigned to the original sample (128 in the younger and 100 in the older group). The differences in ratings between the original groups and their respective cohorts were minimal, with cohort groups exhibiting slightly less EEG abnormalities. Table 9 also indicates that with time there was a decrease in the number and shift downwards in the rating magnitude of abnormal EEG. With respect to the consistency of these ratings over the successive examinations, only 17 out of 688 ratings changed from normal or equivocal (1 or 1.5) to abnormal (2, 3). Only one subject went from 1.5 to 3, the remaining 16 changed from I to 2 or 1.5 to 2. Thus, these rating schema provided a stable measure of EEG recovery, in that individual fluctuations from normal to abnormal were minimal. For the purposes of younger and older group comparisons, the equivocal and normal ratings (1, 1.5) were combined into one category while the abnormal ratings (2, 3, 4) were combined into another. During initial hospital admission, the presence of EEG abnormality was identical for the younger (64.5 %) and older (65.8 %) group. However, over the subsequent recordings the older group's ratings of abnormality decreased more rapidly than The specific kinds of EEG abnormalities accounting for global rating of 1.5 or more in the initial EEG included diffuse and focal types, both paroxysmal and continuous. The most common abnormality initially was some degree of diffuse slow activity (41 % and 45 % for the younger and older groups respectively) while asymmetry of background activity was almost as common (37 % and 35 %). Focal slow activity was found in 16 % and 18 %, focal spike discharges in 5 % and 13 %, and spike and wave bursts in 4 % and 2 % of the initial EEG from younger and older groups respectively.
Over the five year period of reassessment, all of these abnormalities tended to disappear, although not at the same rates. Generalised slow activity and focal spikes persisted longer than any other kind of abnormality, particularly in the younger group. The incidence of focal spike abnormalities actually increased from the first year of follow-up to the fourth year in the younger cohort (from 9 % to approximately 180%).
No specific EEG abnormality showed any particular correlation with seizures. The incidence of seizures was low in this study (even in the presence of focal or generalised paroxysmal abnormalities in the EEG) both on hospitalisation and over the following five years. Only five children (three younger, two older) had seizures during their hospitalisation, and none of these had any history of seizure recurrence in the next five years. Nine children (six younger, three older) had seizures during the five year followup, but none had any recurrence after the fourth follow-up.
With respect to prediction of abnormal EEG, a discriminant analysis was done using the eight initial trauma variables with group membership defined as the presence (2-3) or absence of an abnormal EEG (1-1.5). The results are summarised in Table 5 For all intents and purposes, the younger and older groups were equivalent with respect to recovery, and in order to evaluate further the long-term residual effects of head injuries, the two groups were combined. Although the three areas were qualitatively different in terms of assessment-different examiners, independent examinations, different conceptual models and derivation of a positive sign index-the examination of positive signs by area and by child allows for further analysis. These data are summarised in Table 10 for the incidence of positive (Kubala and Kellaway, 1967; Rodin, 1967) .
The neuropsychological findings indicated slower recovery rate than the EEG but by the fifth trial the number of significant differences between the headinjured children and their matched controls had reduced markedly. By the fifth follow-up, 23.70% of the head-injured children still exhibited impaired neuropsychological performance on the test battery, these being more or less equally distributed between the younger and older groups (25.3 % and 20.5 % of the respective groups). Moreover, Full Scale IQ was predictive of potential residual sequelae. Secondly, this variable should increase discernibly with time if reconstitution is occurring. This relationship of increase in operational intelligence as a measure of recovery rate is in agreement with other studies (Brink et al., 1970; Black et al., 1971; Mandleberg and Brooks, 1975; Najenson et al., 1975) .
Of the three areas, the neurological area was least likely to show change, in that 38 % of the younger and 31 % of the older groups still exhibited residual sequelae on the fifth follow-up. This reported persistence of neurological deficit has been reported by others (Black et al., 1971) but is confounded by different evaluation procedures-presence/absence criteria versus an improvement/change measure (Brink et al., 1970) . In this study the child must have had recorded sequelae on both the fourth and fifth follow-up examination for the term residual to be applied; residual sequelae in the groups for subsequent discussion is 23.9 %.
With respect to consistency and the generalisation of these residual effects over the examination areas and their direct relationship to head injury, the residual impairment found in the children is worthy of further discussion. For those children exhibiting residual signs in two or three areas (13.7 %), the conclusions regarding impairment due to head injury are firm. However, for the children with residual signs in only one area (29.9 %), the direct relationship to head injury may be equivocal. But a strong argument for the association of head injury and subsequent impairment of neuropsychological functioning is suggested by the striking difference in incidence of impairment between the head-injured group and their matched controls. For the neurological examination, the incidence of 23.9 % suggests an abnormal population. For the EEG ratings, only five of the 14 abnormal ratings were not associated with residual signs in the other two areas. Thus, these results indicated that: (1) the long-term effects of head injury may be qualitatively different for some children in terms of the area affected; and (2) in some children these effects are generalised.
With respect to the reconstitution process the question arises as to whether it is a function of the severity and type of head injury, individual differences in disposition, subsequent environment or an interaction of these variables. The prediction analyses indicated that for the neuropsychological and the neurological areas, the trauma variables subsequent to head injury form a basis for prediction, but alone did not account for the majority of the variance (for example, for the neurological regression analysis of sequelae, 22.70% of the total variance was accounted for). Similar findings with respect to premorbid and trauma variables being used to predict residual effects (Brink et al., 1970; Black et al., 1971) have shown a relationship between these variables and outcome. However, the reported relationships are not powerful with respect to ultimate prediction. Thus, these results indicated that although these clinical assessments are useful in prognosis, other variables may exist which might allow for more precise or accurate prediction.
